Activated Carbon Fibres (ACFs) have been successfully prepared with a remarkable development of porosity, from four isotropic coal tar pitches and four isotropic petroleum pitches. Special care has been put to make the activation process at similar activation rate in order to have a better comparison of the different precursors used. The micropore volumes of petroleum pitches-derived ACFs are higher than those obtained from coal tar pitches under similar activation yields. The resultant ACFs present interesting textural properties: they are essentially microporous materials, with a high adsorption capacity which increases linearly with the burn-off. It has been observed, independently of the pitch precursor used, that the micropore volume is a function of the degree of activation, being, in all the cases, quite similar for a given activation degree if a comprehensive weight loss is considered (carbonization lost and degree of activation).
INTRODUCTION.
The preparation of activated carbon fibres (ACFs) from pitch-derived carbon fibres (CFs) is still of interest due to their huge number of applications, such as in air filters, masks, waste water purification systems, and so on [1] . These materials present interesting advantages compared with conventional activated carbons (ACs) (powdered or granular) since they exhibit higher adsorption capacities and higher adsorption/desorption kinetics. Their main disadvantage compared with conventional ACs is their cost. In this sense, the search of low-cost precursors and preparation methods is still required [2] [3] [4] [5] .
The preparation of ACFs from very different precursors has been extensively studied in order to, among other reasons, select cheap precursors. Thus, for example, rayon [6] [7] [8] , nomex [9] , phenolic resin [10] and pitches [11] [12] [13] [14] [15] were tested. From the point of view of cost reduction, in addition to the precursor cost (low in the case of pitches), the carbonisation yield is also important. Thus, it is interesting to point out that the carbonization yields of the CFs from pitches, in the range of 70-85 wt %, are much higher than those for other precursors [14, 15] .
Regarding the preparation of CFs from pitches, most of the published studies use petroleum pitches as CFs precursors, while the use of CFs derived from coal tar pitches is scarce [16] .
In the present work we compare the textural characteristics of the ACFs prepared from four coal tar pitches and from four petroleum pitches obtained under similar activation rate conditions, as well as their activation yields, to get insights about their suitability as ACF precursors. 3
EXPERIMENTAL.

Materials
In this study eight types of CFs have been prepared from eight different pitches. Four of them have been obtained after the heat treatment of commercial coal tar pitches from different industries (A and B come from Bilbaina de Alquitranes and C and D from Industrial Química del Nalón). Some details about these precursors were previously reported [14] . The other four CFs precursor pitches were obtained from four petroleum pitches. Pitches Q, R, and V have been synthesised by vacuum distillation in laboratory, and the last one (P) is a commercial petroleum pitch CF precursor (Showa Oil Co.). Table 1 summarises some properties of the treated pitches.
Preparation of carbon fibers.
Details of the preparation conditions of the carbon fibers can be found elsewhere [14] [15] [16] . In summary, the preparation process includes the following steps: a) treatment to transform the pitches into spinnable pitches, b) pitch spinning process, c) stabilization process of the pitch fibers, and d) carbonization process of the stabilized pitch fibers.
The raw coal tar pitches were submitted to the following treatments in order to make them suitable for CF preparation: a) the infusible matter was removed by filtration of the fraction of the pitch insoluble in quinoline, b) the filtrated pitch was subjected to a heat treatment in air (airblowing) at different temperatures (between 623 -773 K) and times (no longer than 2.5 hours) and c) petroleum pitches were submitted at heat treatment in vacuum distillation at 473-523 K.
A monofilament spinning apparatus was used to obtain the pitch fibers. The diameter of the nozzle of the spinning apparatus, that determines the diameter of the fibers, was 1.5 mm. The 4 spinning temperature was 50-100 K higher than the softening point (SP) of the spinnable pitch.
After that, the pitch fibers obtained were stabilized in a flow of air (500 ml/min, STP) using the following stabilization programme that lasted 6 hours:
(1) Heating at 5 K min -1 to 403 K.
(2) Heating at 1 K min -1 to 493 K, maintaining this temperature for 1 hour.
(3) Heating at 1 K min -1 to 573 K, maintaining this temperature for 2 hours.
In the carbonization stage, the stabilized pitch fibers were heated at 10 K min -1 to 1273 K in a 
Preparation of activated carbon fibers
The activation on the different CFs was performed using CO 2 as an activating agent. In order to carry out their activation in similar conditions of initial reactivity, the activation temperature was selected after reactivity experiments conducted in microbalance equipment (Setaram DSC-92). Thus, the activation of CFs from coal tar pitches was performed at 1140 K, and 1160 K was the temperature selected for the CFs prepared from the petroleum pitches. The activation experiments were carried out in a horizontal furnace. The samples were heated at 5 K/min in nitrogen until the selected activation temperature was reached (1140 and 1160 K).
Then the gas was changed to CO 2 with a flow of 80 ml/min. The selected activation temperature was held for a certain period of time to reach the desired burn-off (BO). The ACFs were cooled in nitrogen until room temperature was reached. Then, the samples were weighed to assess the degree of activation which is indicated after the nomenclature. 
RESULTS AND DISCUSSION.
3.1.-ACFs Preparation.
As stated in the experimental section, the activation of the different CFs was performed at similar initial reactivity conditions. In this sense, it was observed by TG experiments that the CFs from coal tar pitch present higher reactivity than the petroleum pitch ones. Therefore, the formers were activated at a temperature 20 K lower than the petroleum pitch CFs. These differences in reactivity could be attributed to their carbonisation process and temperature differences and their subsequent effect on the resulting CF structure [19] . Thus, it was observed that the yields of the CFs prepared from petroleum pitches (60-70 wt %) are lower than for coal tar pitch derived CFs (85 %). These differences in CF yield seem to be related to the higher content of alkyl groups of the petroleum pitches CFs [20] . As a result of the rupture of these alkyl groups, higher numbers of radicals are generated and their subsequent condensation reactions could lead to a higher perfection of the graphene layers [21] , rendering to a reactivity 6 of the petroleum pitch CFs lower than that of the coal tar pitch CFs. Figure 1 shows the evolution of the burn-off percentage versus the time of activation for each prepared CFs. In general, it can be seen that our purpose of preparing ACFs from different pitches at similar initial activation rates (assessed by thermogravimetric experiments), has been reached, with the two selected activation temperatures (1140 and 1160 K). Nevertheless, it must be pointed that, although the initial activation rate of all CFs is similar, the BO evolution is different for each pitch precursor CF. Thus, there are samples (i.e. D) which show a higher BO than others for comparable activation times in all range of BO. Other samples that initially show a high BO (i.e. P) present, for long activation times, a different behaviour. Also, there are samples (i.e., Q and R) that initially show low BO and, for longer times, show a higher BO. All these observations must be related with differences in the microstructures that are developed from pitches of different chemical compositions.
3.2.-Characteristics of the prepared ACFs.
Figures 2 to 4 present the N 2 adsorption isotherms obtained at 77 K for some representative examples of the prepared ACFs. The important details of these isotherms are:
the magnitude of adsorption in the near-plateau, the sharpness of the knee and the relative pressure for which the linear section begins, and the slope of the linear section. As it can be observed from the figures (2 to 4), the adsorption capacity of the ACFs increases with the degree of activation, reaching high adsorption capacity values. All the isotherms are type I following the IUPAC classification [22] , indicative of the microporous character of the ACFs prepared.
Interestingly, as shown in Figures 2 and 3 , even at activation degrees of 50 %, all the isotherms are parallel to the x axis at P/Po > 0.3, confirming the absence of mesoporosity and 7 macroporosity in the samples. Clearly, the linear region of the isotherms begins at higher relative pressures in Fig.4 than in Figs. 2 and 3 , being the most pronounced one that for sample CFV90. A closer look reveals that the slopes of the linear sections are slightly larger in Fig.4 than in Fig.3 , being the highest for sample CFV90. All these observations indicate a widening of the microporosity without any remarkable mesoporosity development. The development of a wider microporosity as the BO increases can also be appreciated from the analysis of the sharpness of the isotherm knees. For instance, the knee for CFB32 (Fig.2) is evidently sharper than that for CFA37, indicating that the micropores in CFA37 have larger width than in the case of CFB32. This is even more remarkable for sample CFV90 (Figure 4 ), which shows a more open knee denoting the existence of a wider microporosity.
The N 2 adsorption isotherms of the two commercial samples used, A15 and A20, are plotted in Figure 3 and 4, respectively. Although the activation degree of these two samples is not reported by the company, their isotherms have been plotted in Figure 3 and Figure 4 according to their shapes. A15 behaves as samples from Figure 2 for samples with 60-65 wt % burn-offs, even when they use coal tar pitches [23] , liquid carbon extracts [24] or petroleum pitches [13] as raw materials. Tables 2 and 3 collect the porous texture characterisation data derived from the N 2 and CO 2 adsorption isotherms. It is important to remark that the microporosity volume obtained from the N 2 adsorption corresponds to the whole range of microporosity (pore size up to 2 nm), while the CO 2 adsorption only provides information about narrow microporosity (<0.7 nm) [25] [26] [27] .
Firstly, the differences found in the porosity of the CF prepared from the different ACFs with high surface areas and high micropore volumes, which are comparable to the wellknown available commercial ACFs (A15, A20).
Coal tar pitch ACFs vs petroleum pitch ACFs
To compare ACFs prepared from coal tar pitches with the ACFs derived from petroleum pitches we present Figure 5 , which shows the evolution of the micropore volumes (obtained from the N 2 adsorption data ( Figure 5a ) and from CO 2 adsorption data (Figure 5b) ) versus the burn-off percentage for all the ACF prepared in this study.
As it can be seen in these Figures, the micropore volume (more remarkably the narrow micropores showed in the Figure 5b ) of ACFs prepared from petroleum pitches is always higher than that for coal tar pitches derived ACFs in the range of burn-off analysed This observation is important because the development of porosity during the activation depends on the starting porosity of the pristine material, which is higher for the CFs obtained from petroleum pitches.
As mentioned before, the preparation yields of CFs from coal tar pitches are higher than for petroleum pitches, about 85 wt % and 60-70 wt %, respectively. To take into account these differences, comprehensive yields (carbonization plus activation) have to be considered. Figure   6 shows the micropore volume (assessed by N 2 adsorption) versus the comprehensive weight loss. Interestingly, the micropore volume depends on the comprehensive yield and not on the origin of the pitch precursor used. Thus, we can see that, for a given comprehensive yield, the microporosity for both petroleum and coal tar pitches are quite similar.
On the other hand, it must be mentioned that a relatively high comprehensive weight loss (> 30 wt %) is required to generate microporosity accessible to N 2 at 77 K. This fact is observed independently of the pitch precursor used to prepare the CFs. The reason why this microporosity is not detected can be related with diffusional problems of the N 2 molecules at 77 K inside the narrow microporosity (pore size < 0.7 nm) [25] [26] [27] . This problem would not occur for CO 2 adsorption at 273 K. Figure 7 plots the narrow micropore volume, assessed by CO 2 adsorption at 273 K, versus the comprehensive weight loss (wt %). It can be seen that in this case, samples with low comprehensive weight losses show microporosity accessible to CO 2 at 273 K. This fact agrees with the non diffusional limitation that CO 2 adsorption at 273 K shows in the narrower micropores [25] [26] [27] . On the other hand, contrarily to Figure 5 , ACFs derived from petroleum pitches behave differently (see marked samples in Figure 7 ) at high burn-off levels, presenting higher proportion of narrow micropores. Considering that all the samples have been prepared in similar activation conditions and their total micropore volumes are similar (see Figure 6 ), the different development (at high burn-off levels) of narrow microporosity in the pitches of different origin must be related to a different carbonaceous microstructure created during the carbonisation process of the pitch fibres and their subsequent activation process. This observation suggests that the chemical composition of the parent pitches plays an important role on the development of the carbonaceous microstructure. It is well known in the literature [29] that coal tar pitches show a higher degree of aromaticity than petroleum pitches, which is related with their higher content on polycyclic aromatic hydrocarbons (PAH) of a high number of aromatic rings [30] . Petroleum pitches shows an important content in aliphatic hydrocarbon chains and a lower condensation degree on their aromatic rings. Hence, the carbonisation of the petroleum pitches produces a less condensed carbonaceous microstructure than coal tar pitches.
The carbonisation of the former generates smaller graphite microcrystals, whose activation, even at high burn-off, continues to develop narrow microporosity, contrarily to coal tar pitches, which suffer a widening process of the narrow microporosity at high burn-off.
CONCLUSIONS.
ACFs have been successfully prepared with a remarkable development of porosity from four isotropic coal tar pitches and four petroleum pitches. The resultant ACFs present interesting textural properties: they are essentially microporous materials, with high adsorption capacity which increases linearly with the burn-off. Their textural properties are comparable independently of origin of the precursor used and are similar to those for available commercial ACFs.
It has been observed that, depending on the parent pitch (coal tar pitch or petroleum pith), CFs with significant differences in the initial porosity can be obtained. It has been observed, for both types of pitch precursors, that the micropore volume is a function of the degree of activation, being, in all the cases, quite similar for a given activation degree if a comprehensive weight loss is considered (carbonization lost and degree of activation).
Regarding their narrow microporosity, CFs and ACFs from petroleum pitches contain a higher proportion of these narrow micropores indicating the influence of the different carbonaceous microstructure generated during the carbonisation process of the pitch fibres precursor (coal and petroleum). 
